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1 .0  In t roduc t ion  

The purpose of t h i s  p r o j e c t  was t o  develop a laser system 
capable  of dynamically balancing gyro r o t o r s ,  and s t a t i c a l l y  
balancing accelerometers .  

The p a r t i c u l a r  design o b j e c t i v e s  were the  following: 

Workpiece Ro ta t iona l  Speed Range: 2,000 - 24,000rpm 
Pulse  Width: 

Pu l se  Energy: 

Mode 1 - 500 microseconds 
Mode 2 - 40 microseconds 
Mode 1 - 25 j o u l e s  
Mode 2 - 10 j o u l e s  

Focused Spot Size: IITlm 

Pulse  Synchronization: Panel meter t o  ena3le  
s p e r a t o r  t o  se t  laser  
b e m  a t  any po in t  on t h e  
1-0 L G r  I 

Typical Metal RemovLL, Zerformance: Xode I - 3-2.0 x i l l i g r a m s  
Mode 2 - G-0.5 i i i l l i g rams  

Ro t o r  S i z e  : 

Compat ib i l i ty  : 

Up *Lo 5 cm cliameter, l i m i t e d  
t o  ca2a'bil ley of  dynamic 
ba lance r .  
Compatible wizh Schenck & 
Micrabalanc i , ~ ~ g  e<;uipment. 

The laser gyro ba lazce r  as scppl ied  to NASA MSFC Ls comprised 
of  a power supply,  l a s e r  h e A ,  focusing cone, wazer cooler  and 
remote c o n t r o l  console .  For p a r t i c u l a r s  O i l  op?\=;l&iLion of t he  
system, refer t o  i n s c r u c t i o n  manual. 



2.0 C r t t e r i a  f o r  Se lec t ion  o f  Laser System 

I n  o rde r  t o  meet the  design o b j e c t i v e s  and provide a system 
t h a t  w a s  both r e l i a b l e  and compact, t he  h a i r - t r i g g e r  o r  piggy- 
back mode of laser opera t ion  w a s  s e l e c t e d .  

The c r i te r ia  underlying t h i s  s e l e c t i o n  were t h e  fol lowing:  

A .  System t o  be as small as p r a c t i c a l  t o  adap t  t o  c l ean ing  
room type i n s t a l l a t i o n .  

B. Pulss width and occurrence t o  provide t iming accuracy 
of 5 a t  a workpiece speed of 24,000rpm maximum. 

C. S u f f i c i e n t  laser output  energy t o  remove cne r equ i r ed  
amount o f  material from d i f f e r e n t  m e t a l s .  

D .  Laser system t o  be adaptab le  wi th  e x i s t i n g  types of 
ba lanc ing  equipment. 



3.0 Design P r i n c i p l e s  

3.1 Energy Requirement Analysis 

A .  Cor re l a t ion  w a s  obtained between m a t e r i a l  removal 
and l a s e r  output  energy f o r  va r ious  meta ls .  The 
metals t e s t e d  were Elkoni te  4069-CZ Monel KR, s t a i n l e s s  
s tee l ,  and b ras s .  It w a s  determined that a t  l eas t  
10 j o u l e s  of output  w a s  r equ i r ed  t o  m e e t  t h e  spec i -  
f i c a t i o n s .  In  o rde r  t o  m e e t  the  p u l s e  width requirement 
t he  piggy-back o r  h a i r - t r i g g e r  mode of laser ope ra t ion  
w a s  chosen. I n  t h i s  method the  l a s e r  i s  f i r s t  brought 
t o  th re sho ld  with one energy s to rage  bank, and then 
a t  a predetermined i n s t a n t  enough energy i s  supp l i ed  
by a second bank t o  provide u s e f u l  ou tput .  With a 
9/16 x 4" l a s e r  ruby rod ,  th reshold  i s  reached a t  an 
energy of approximately 2400 j o u l e s .  Therefore t o  
supply t h i s  energy wi th  a 400pf s to rage  c a p a c i t o r  
r e q u i r e s  a vo l t age ;  

I n  the  a c t u a l  s y s t e m  the  optimum va lue  f o r  t h i s  
v o l t a g e  i s  3.2 W .  Now, i n  o r d e r  t o  provide a t  least  
10 j o u l e s  of u s e f u l  ou tput  imp l i e s  t h a t  we must supply 
10 

bank, where 7 i s  t he  l a s e r  e f z i c i e n c y .  For t h e  par -  
t i c u l a r  f l a s h  lamp and laser head geometry, q i s  
t y p i c a l l y  0.75%. 

- 
q j o u l e s  of input  wi th  the  second energy s to rage  

To provide  10 j o u l e s  of ou tput  t h e r e f o r e  r e q u i r e s  

'Oo0 = 1333 j o u l e s  of  i n p u t .  -3-3 

To s t o r e  t h i s  energy wi th  a 14pf c a p a c i t o r  bank 
r e q u i r e s  a vo l t age  of 

I n  t h e  a c t u a l  system a c a p a b i l i t y  of approximately 
1 4 . 8 K V  i s  provided. 

3.2 Op t i ca l  Requirement Analysis  

To provide  power d e n s i t i e s  g r e a t  enough t o  m e e t  t he  
m e t a l  removal s p e c i f i c a t i o n s  r equ i r ed  a focused laser 
ou tpu t  of minimum diameter. The focused laser ou tpu t  
o r  spo t  diameter ,  d ,  i s  c a l c u l a t e d  t o  a f i r s t  approxi-  
mation by d=fe ,  where f s the  f o c a l  l eng th  of t h e  l e n s  
a t  ruby wavelength (6943 i ) ,  and 8 i s  the  beam divergence 
of t h e  laser ruby rod i n  m i l l i r a d i a n s .  F o r  a given 
beam divergence, spot  diameter  i s  decreased as the 
f o c a l  l e n g t h  i s  decreased.  But t he re  i s  a p r a c t i c a l  
7i.mrLE t o  which the Ltrtcr?r; IcrrgL-h can ha r l c r  .1=,35 



befo re  the  e f f e c t s  of s p h e r i c a l  a b e r r a t i o n  set  i n .  

Spot diameter can a l s o  be decreased as the  beam 
aLvergence i s  decreased. Beam divergences of t he  
o rde r  of  3 m i l l i r a d i a n s  are r e a d i l y  achieved when 
a laser c a v i t y  of 17" o r  longer  and e x t e r n a l  mi r ro r s  
are u t i l i z e d .  To m e e t  t he  s i z e  requirement of  th i s  laser 
system, requi red  t h a t  d i e l e c t r i c  r e f l e c t o r s  be t h i n -  
f i l m  deposi ted on t h e  f aces  of t he  ruby rod .  Unfor- 
t u n a t e l y  t h i s  i nc reases  the  beam divergence t o  approx- 
imately 10 m i l l i r a d i a n s .  U t i l i z i n g  a 2" f o c a l  l e n g t h  
l e n s a 2 i n  the  a c t u a l  system, y i e l d s  a spot  diameter of  
2(10 ) =.02" o r  0 . 5 m  which i s  w e l l  w i th in  s p e c i f i c a -  
t i o n s .  

3 . 3  E l e c t r o n i c s  Requiremei-At Analysis 

To implement the piggy-back o r  h a i r - t r i g g e r  l a s e r  
system requ i r ed  -;he L"ollowing b a s i c  c i r c u i t r y :  

A .  --. 'riiigh volszge ~ G W ~ : T  siipply EO br ing  the  laser 
t o  th reshold .  

13. A second high v o l t a g e  power s;,;,\.7 EO enable  the  
laser t o  exceed threshold  arid ~ ~ 2 2 - 7  output  
energy. 

C .  Timing and t r i g g e r i n g  c i r c u i t r y  t o  c o r a u t a t e  t h e  
two h igh  vo l t age  supp l i e s .  

D .  Logic c i r c u i t r y  t o  perform charging,  dumping and 
f i r i n g  func t ions .  

In  a d d i t i o n ,  i n  o rde r  LO cLae the  o c c u r r e x e  a f  t he  
laser p u l s e  on t h e  workpiece Teriphery,  requi rzd  
de lay  c i r c u i t r y  desigxec t o  accommodate E wo-rxpiece 
speed of 2000 t o  2400iirprn. This range of spceo] 
corresponds t o  pe r iods  o f  30 and 2.5 mLliiseconds 
r e s p e c t i v e l y .  In  ozder t o  resolve5a 5 angle  a t  t he  
h i g h e s t  speed r equ i r ed  h delay  of3T 
= 35psec. 
a v a i l a b l e  was l0li.sec. t o  100msec. 

(2 .5  mi l l i seconds)  
Accordingly, clie range 09 delay  mhde 

I t e m s  A through D i n c l u s i v e  are loca ted  i n  the  Power 
Supply Console. 

Timing c i r c u i t r y  and l o g i c  t o  r e m x l y  o p e r a x  ;'ne 
system, i s  provided a t  the  Remote Concro; x n i i .  



4.0 

Workpiece speed, 2000rpm' Workpiece speed,24000rpr 

Technical Findings 

The fol lowing c h a r t  summarizes the  weight change of several 
d i f f e r e n t  metals a f t e r  l a s e r  i r r a d i a t i o n .  

S t a i n l e s s  Steel  3.0 

I I Metal Removal Metal Removal 

0 .5  

I 1 Mate r i a l  
1 

1 Monel KR 

R a t e  (mg/pulse) I Coarse Mode 

0.5 I 2.0 

I Rate (mg/pulse) 
Fine Mode 

Elkoni te  

Brass 
i 

3.0 i 1.0 
i 

0.6 I 2.2 

I n  t h e  coa r se  mode of opera t ion  the  5KV bank w a s  charged t o  
4.8KV. I n  the  f i n e  mode of ope ra t ion  t h e  15'W bank w a s  charged 
t o  14.9KV. For a correlaKion between 15KV bank voltage and 
output  evergy r e f e r  t o  figure 1. F o r  a c o r r e l a t i o n  between 
15KV bank v o l t a g e  inpxc eaergy a;zd output  energy r e f e r  t o  
f i g u r e  2 .  F igures  3 a c d  4 are  asc i l lograms of the  a c t u a l  
laser output  pu l se s  i n  the coa-se azd f l n e  Liiodes of o p e r a t i o n  
r e s p e c t i v e l y .  Figilre 5 d i s p i i y s  :c1e sequecc; x c e s s a r y  t o  
2roduce a piggy-back l r s z r  p i l l se .  

2hoa;raphs of t he  a c t d a l  p 1 G x  r e m i z i n g  I:-, L_. , .::&.I v a p o r i z a t i o n  
h d l c a t e d  t h a t  normal incidencz of  tne :as-: > - 3  *,he work- 
3;xe r e s a l t e d  i n  the  gi 'eatesc ;;;lount OF S, :zzr. Angles 
22 i x i d e n c e  approaching tangency t o  the  w~:--~.~-..e!~-. ;-rzduced 
:kG ,east amounc of buUk s p l a t t e r .  F o r  m y  ? Z Y ~ : Z ~ - ~ T  meta l ,  
an a2timum ang le  of incidence should be deterr; , ir ,x exper imenta l ly .  
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5 .O Conclusions 

A laser system has been designed and bui;.. to dynamiczily 
balance gyro rotors and statically balance accelerometers. 

The methods and procedures to optimize the use of the laser 
2 to this end,will best bc developed by the user as familiarity 
with the system is acquired. 


